Background: Child development integrates several interdependent domains, but few studies have attempted to identify the common factors that contribute to these different domains of development in infancy. The aim of the present study was to identify the factors that contribute to several domains of developmental attainment in 9-monthold infants. Methods: We used data from the Japan Children's Study, a prospective cohort study underway in Japan since 2005. Mothers completed questionnaires about their children's temperament, coparenting behaviors, maternal parenting stress, and parenting behavior. The Kinder infant development scale was used to evaluate child development outcomes. Results: A total of 270 children were included in this analysis. After adjusting for the children's birth weight, gestational age, temperament, and other family environmental variables, multiple logistic regression analyses showed that greater maternal cognitive stimulation was associated with the development of receptive language, expressive language, social relationships, and feeding. Results also suggest that early supportive coparenting helped to promote development in manipulation, receptive language, and social relationships. Maternal parenting stress was stable between the infant ages of 4 and 9 months and was negatively correlated with scores for coparenting and maternal stimulation, which suggests an indirect effect of maternal parenting stress on child outcomes. Conclusions: Supportive coparenting and maternal cognitive stimulation were the most important contributors to most domains of child development. Our findings suggest that educational interventions targeting young families would help parents establish and maintain an environment of successful coparenting and cognitive stimulation as their children grow.
INTRODUCTION
Child development is affected by psychosocial, biological, and genetic factors. 1, 2 Although biological risks are important determinants in all domains of development, psychosocial risks can also adversely affect cognitive and social-emotional competence. The quality of early childhood care has a biological impact on the developing brain, with long-term implications for child development and psychological health. 3, 4 The Committee on Integrating the Science of Child Development reported that the first few years of life are particularly important because vital development occurs in all domains during this period. 5 Studies on the association between environmental stimulation and cognition have shown that mothers who were advised to stimulate their babies through a variety of receptive experiences with people, objects, and symbols did indeed contribute to their children's cognitive development, which resulted in long-term favorable outcomes. 6 Many researchers agree that maternal schooling has an impact on child development because it provides a structured environment, communicates parental expectations and practices, and offers varied and cognitively stimulating materials for children. 7 Although mothers are the main caregivers, when fathers spend time with their children, their involvement can assume a broad range of roles and responsibilities. High levels of supportive coparenting and more adaptive family structures are associated with fewer externalizing behavior problems in children. 8 A longitudinal study suggested that parenting stress in early infancy was associated with behavior problems in toddlers 9 and preschool children. 10 However, there is only limited evidence on the effects of early parenting stress and marital quality on child development during the first year.
Child development represents the integration of several interdependent domains, including the motor, language, cognitive, and social-emotional domains. For example, early exploratory movement experiences are important precursors for learning, adaptation, cognition, and socialization, 11 and developmental speech and language disorders are frequently associated with motor problems. 12, 13 However, these developmental domains have generally been studied separately and few studies have identified the effects that common explanatory variables have on multiple domains. 14 In addition, in Japan there have been many studies on the physical health of children, but few on their mental health.
The purpose of this study involving a longitudinal community sample of families was to identify early factors in the family environment-especially parenting factors such as level of maternal stimulation, coparenting behavior, and maternal parenting stress-that contribute to the various domains of infant development at age 9 months.
METHODS Project
The Japan Children's Study (JCS) project is a prospective developmental cohort study begun in 2005 by the JCS research group at 3 study sites in Japan: Osaka, Mie, and Tottori. The purpose of the project is to describe the development of social skills in children and investigate factors that promote this development. The project includes 2 cohorts: infants and preschoolers. For the infant cohort, the child's mother and father completed a baseline questionnaire when the infants were 4 months old, to be followed at the ages of 9, 18, 30, and 42 months. The mother-infant dyads also participate in laboratory observations at each measurement occasion.
Participants
Data from the infant cohort that were collected when the infants were aged 4 and 9 months were used in this study. Participants were recruited at the abovementioned 3 study sites. In Osaka, we recruited children who had visited the Miyakojima Health Care Center for a 3-month infant health checkup, as well as children who were born in the main birth centers in Miyakojima and visited those facilities for a 1-month health examination. In Mie and Tottori, we recruited children who were born and received a 1-month health checkup at 1 of 5 medical facilities (2 hospitals and 1 clinic in Mie and 2 hospitals in Tottori). Infants with non-Japanese mothers, those whose families planned to move out of the area, and those who had serious medical complications were excluded. A total of 935 families (378 from Osaka, 467 from Mie, and 90 from Tottori) were solicited to participate in this cohort and 505 (54%) mothers of infants agreed to participate. Of the 505 families, 479 (95%) mothers with infants born between August 2004 and April 2006 participated in the baseline assessment, when infants were aged 4 months. Mothers completed the self-administered questionnaires sent to them before the 4-month laboratory observation. Among the 479 mother-child dyads, 23 dropped out at 9 months and 456 (95%) dyads continued to participate. Because the project underwent a revision of questionnaires for the baseline assessment, only the 313 mothers (out of 479) who were given, and completed, the final version of the questionnaire were available for analysis. The participants who responded to earlier versions of the questionnaire had similar demographic characteristics at baseline, but were not included in the analysis. Out of these 313 mother-infant pairs, 301 (96%) dyads were followed until infants were aged 9 months, and data from these dyads were analyzed in the present study. At this stage, all participants from the Tottori site were excluded from the analysis. At the baseline assessment there were no significant differences by region in the distributions of the main study variables. A total of 270 mother-infant pairs that had completed both 4-and 9-month questionnaires on all relevant items were available for subsequent statistical analysis.
Measures
Child development outcomes were assessed using the Kinder Infant Development Scale (KIDS) 15 when the children were 9 months old. KIDS is a developmental screening scale that is convenient to use and easily completed by parents. It was standardized in 1989 using 6000 Japanese children aged 0 to 6 years. The reliability coefficient of this scale is 0.95, and the correlation coefficient between KIDS and the StanfordBinet intelligence test is r = 0.86; the correlation coefficient between KIDS and the Wechsler Preschool and Primary Scale of Intelligence is r = 0.65. Thus, the validity of the scale has been confirmed. In this study, KIDS type A, which was designed for assessing infants aged 1 to 11 months, was used. The scale includes 117 items and is composed of subscales for 6 developmental domains: physical/motor, manipulation, receptive language, expressive language, social relationships with adults, and feeding. Each item has the options of "pass" and "fail." Responses are scored as 1 or 0 and the scores are summed for each subscale, with a higher score reflecting a higher level of development. The internal consistency, expressed as coefficient alpha, was 0.88. The overall development score ranged between 0.57 and 0.79 for the 6 domains in this sample.
The first measure of family factors-the maternal cognitive stimulation score-was derived from a short-version evaluation of environmental stimulation. Mothers completed the questionnaire when their children were 9 months old. The following items were used in this analysis: "How often do you talk or sing to your baby before bed?"; "How often do you take your baby to the park?"; "How often do you take your baby to visit relations or friends?"; and "When your baby gets a new toy, do you play with your baby?". Ratings on each item ranged from 1 (rarely) to 4 (almost every day). For the convenience of analysis, the scores were divided into 2 groups: low (scores equal to or below the median) and high (scores above the median) cognitive stimulation.
The second measure of family factors-coparenting behavior-was measured using 3 indicators, all based on the mother's rating when their infant was 4 months old. The items were: "Do you and your husband agree on child care?"; "Do you and your husband talk about child rearing?"; and "Are you satisfied with your husband's cooperation?". Responses were scored 1 (yes) or 0 (no). For the analysis, "no" responses to all 3 items was defined as low supportive coparenting, and a "yes" response to at least 1 item was defined as high supportive coparenting.
A rearing-related stress (RRS) questionnaire 16 was included to assess maternal parenting stress and administered to mothers when their infants were aged 4 and 9 months. The questionnaire was originally developed to assess the degree of stress experienced by parents in 2 domains: child-RRS and maternal-RRS. The latter consists of 10 items that contribute to maternal stress, for example, "I don't know how to treat or rear a baby;" "My husband does not pay attention to our baby;" and "I feel confused because there is too much information about child rearing." There are 4 response categories, from 1 (disagree) to 4 (agree completely), with higher scores indicating higher parenting stress. The Cronbach's alphas for this sample, calculated separately at each time point, were 0.71 and 0.77, respectively. Mothers who scored higher than the median were defined as having a high level of parenting stress.
When the infants were 9 months old, mothers completed a 42-item questionnaire on child temperament, which was developed for this study. 17 The selection of the 42 items was based on previous studies. 18, 19 The questionnaire measures 7 dimensions of temperament: taste reactivity, audiovisual reactivity, negative emotionality, frustration tolerance, persistence in task situations, approach new situations and people, and rhythmicity. Each dimension consists of 6 items. Responses were scored using Likert scale ratings ranging from 1 (almost never) to 6 (almost always) to rate their infant's standard day-to-day behavior. Internal consistency of these scales was reported by Ogura. 20 In the analysis, we ultimately used 4 dimensions for which the Cronbach's alpha was above 0.60: frustration tolerance (0.76), persistence in task situations (0.61), approach new situations and people (0.85), and rhythmicity (0.75); higher scores indicate higher frustration tolerance, higher persistence in task situations, quicker approach to new situations or people, and higher rhythmicity, respectively.
Information on parents' ages and levels of education, annual family income, type of family, and the children's sex, birth weight, birth order and gestational age (number of full weeks) was obtained from the questionnaire completed by mothers when the infants were 4 months old.
Statistical analysis
To describe the demographic characteristic of the subjects, we examined the frequency distributions of independent variables by using response percentages for categorical variables, and medians and ranges for continuous variables. We also examined bivariate associations between exposure variables and outcomes by using the chi-square test to compare the percentage of infants passing the developmental norm for each independent variable with the categories of exposure variables. For continuous variables (eg, infant temperament), Pearson product-moment correlations were computed between each domain of development score and temperament scale scores. Bivariate correlations were also calculated among selected independent variables.
To evaluate the simultaneous contribution of family environment and child factors in each development domain, we used multiple logistic regression models to evaluate each outcome variable separately. Six KIDS subscales were recorded as binary variables so that "1" indicated passing, and "0" not passing, of the developmental norms for each domain. According to the KIDS manual, approximately 65 percent of the general population reach these developmental norms.
Included in the model as independent variables were infant temperament and family environment factors including maternal education level (>high school or ≤high school), type of family (nuclear or extended), household income (>4 million or ≤4 million yen per year), maternal cognitive stimulation (high or low), coparenting behavior (high or low), and maternal parenting stress (high or low). The confounding factors considered in the multiple logistic regression analyses were birth weight (low or normal), gestational age (preterm or full-term), birth order (first or other), and temperament. Odds ratios and 95% confidence intervals were calculated. All analyses in this study were performed using SPSS Version 15. 
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RESULTS
Approximately 76% of mothers had received some tertiary education and 70% of families had an income of at least 4 million Japanese yen per year. In this sample, approximately 7% of infants had a low birth weight and 3% were preterm. The range of birth weights was 1524 to 4066 g and the gestational age range was 28 to 41 weeks. There were no significant differences in the distribution of characteristics between the 2 regions (Table 1 ). However, although there were no significant differences in infant sex, birth order, or the frequencies of prematurity or low birth weight, the characteristics of the participant mothers and their families differed from those of the general Japanese population: the sample included better-educated mothers, higher-income families, and a higher frequency of nuclear families. This may result in selection bias, ie, a higher percentage of mothers may have had a relatively affluent family background.
The pass rates for developmental norms by domain were approximately 50% for physical/motor, 69% for manipulation, 55% for receptive language, 50% for expressive language, 62% for social relationships with adults, and 66% for feeding (Table 2) . With regard to overall development, 68% of infants passed the developmental norm.
As shown in Table 3 , children whose parents showed high levels of supportive coparenting developed significantly faster in manipulation, receptive language, and social skills. The pass rates for norms in receptive language, expressive language, social relationships, and feeding were significantly higher in children who received more stimulation from their mother or environment.
There were positive and statistically significant correlations between scores for persistence in all development domains, except motor development (Table 4) . Table 5 shows the intercorrelations among independent variables. Among many statistically significant correlations, we noted 2 combinations of variables. First, maternal parenting stress scores at an infant age of 4 months were strongly positively correlated with scores at 9 months (r = 0.691, P < 0.01). Second, maternal parenting stress scores were negatively correlated with coparenting scores (r = −0.271, P < 0.01) and maternal cognitive stimulation (r = −0.129, P < 0.01). Table 6 summarizes the results of logistic regression analyses for 6 developmental outcomes. Factors such as birth weight and gestational age had significant effects on various domains of development. For example, low birth weight was negatively associated with manipulation, sociability, and feeding development. Preterm infants showed slower development in manipulation than did full-term infants. Girls showed slower motor development than did boys. After adjusting for these factors, perseverance in task situations remained associated with development in all domains except the physical/motor domain. Odds ratios suggest that infants who display greater persistence develop faster in almost every domain. Infants who tended to be receptive to new situations or people, however, displayed slower development in receptive language and sociability.
Cognitive stimulation was also found to be a significant contributor to development in domains related to sociability. When mothers scored high in cognitive stimulation, their children's development in receptive language, expressive language, social relationships, and feeding was significantly faster, after controlling for other confounding factors. The ORs for 4 domains of development ranged from 1.96 to 2.43. Children whose parents scored high in supportive coparenting showed faster development in manipulation (OR, 2.27), receptive language (1.94), and social relationships (2.07).
DISCUSSION
This study investigated parenting factors that contribute to several developmental domains of infants at 9 months of age. Overall, we found that mothers who interact with their children through a variety of cognitive stimulation, such as talking, singing, playing, and going out of the house together, play an important role in promoting their children's linguistic and social development. Fathers who engaged in coparenting by communicating with their spouse about child care, or who participated in caring for the child during early infancy, independently contributed to their child's development in manipulation, receptive language, and sociability, even after adjusting for the child's birth weight and temperament.
It has been widely recognized that maternal teaching promotes cognitive growth in infants. Infants whose mothers respond sensitively to their social bids, vocalizations, and/or playing display greater competency in cognitive and language assessments. [21] [22] [23] [24] Our findings were consistent with those of previous studies, which showed that parental engagement in positive interactive activities with their children, including reading stories and playing together, promotes language development, as well as social and emotional development in young children. [24] [25] [26] Through teaching, mothers who are sensitive and responsive to their child's emotions, and who provide access to stimulating objects and encourage a child to progress just beyond their current level, may foster both persistence and advanced cognitive development in the future. 27 Coparenting behavior is typically defined as the quality of coordination between adults in their parental roles 28 and includes hostile, competitive, and supportive dimensions, as well as discrepancies in parental involvement. 29 Our findings, which are consistent with previous results, suggest that high levels of supportive coparenting during infancy play an important role in promoting children's social and cognitive development. Fathers who take part in caregiving activities usually discuss child care with their wives. When fathers and mothers agree on child rearing, fathers are more sensitive to their infants and may provide the needed support for overall family functioning. Although marital quality may influence a child's development indirectly through its impact on parenting styles, it may also affect the child directly by creating a high level of tension at home or through the child's internalization of the parents' interaction styles. 30 In this study, the level of Factors Contributing to Early Infant Development 324 coparenting was rated by mothers, which is not a sufficient measure to evaluate paternal involvement in child rearing. Studies with more direct measures are needed to explore how paternal involvement contributes to the several domains of development.
Surprisingly, we found no relationship between maternal parenting stress and any domain of child development. Generally, parenting stress is a risk factor for suboptimal parenting: it is associated with reduced maternal sensitivity and negative child outcomes. 10, 31 However, while many studies have examined the effects of maternal parenting stress on the development of toddlers and preschool children, few have focused on developmental outcomes during early infancy. Although the influence of maternal parenting stress on child development was not clear in this study at an infant age of 9 months, this influence might become apparent as children grow. In addition, in the present study, the scores for maternal parenting stress were negatively associated with those for coparenting and maternal stimulation, which suggests that maternal parenting stress influences parenting behavior and indirectly affects child development through the mediating variables of coparenting and stimulation.
Numerous studies have shown that poverty and a low level of parental education are associated with lower cognitive development. 7, [32] [33] [34] However, in the present study we failed to identify any salient socioeconomic factors-eg, type of family, maternal education level, and family income-on child development. These results may be due to the generally higher educational level of mothers and the narrower range of family income in this sample, as compared to the general population. Our results do support previous work that showed an association between birth weight and child development, 2, 35, 36 and an association between temperament and cognitive/linguistic development. 37, 38 Tamis-LeMonda et al provided evidence that the attention processes may be particularly important in language acquisition. 39 In contrast to children who display persistence, those with a receptive temperament displayed slower development in language comprehension and social relationships with adults. A review of the literature indicates that an infant's negative reaction to approaching strangers commonly appears by 8 or 9 months of age and increases through the first year. 40 In our study, the results indicating that, at 9 months, children with low approachfulness had higher levels of development, as compared to children with greater approachfulness, might reflect a difference in the ability of infants to discriminate strangers.
Our main finding is that, after adjusting for child-related factors, parenting factors had a significant effect on child development in sociability. The main limitation of this study was that all measures relied on the reports of mothers, and thus the validity of these results is limited by the accuracy of parental responses. Another limitation is that because the assessment of child development outcomes in this study was made using a Japanese instrument, international comparison is impossible. In addition, this study was based in only a few areas of Japan, and the higher educational background of the participants indicates the possibility of selection bias in the sample. Therefore, we advise caution when applying our results to the general Japanese population. We hope to prevent participants from dropping out, so as to maintain the internal validity of our study.
Among the independent variables, child temperament and maternal stimulation behaviors were measured at the same time as the child developmental outcomes. Although simultaneous evaluation of variables and outcomes allows for identification of associations between them, it does not permit us to determine causality. Evaluation of a causal relationship between exposures and outcomes is valid only with variables measured before the outcome. Additional longitudinal data analyses are needed to investigate causal relationships in these variables. Nevertheless, we believe that these findings provide a promising direction for future research on maternal parenting behaviors and child development.
The strength of this study is that it is the first to identify factors that positively contribute to multiple domains of development in infancy in Japan. To cite an example, we found that maternal cognitive stimulation was consistently associated with the developmental domains related to sociability, but not with other domains. Anme and Segal found that development of communication ability and intelligence among children was significantly related to social stimulation.
14 Our study examined a wider range of explanatory variables and found that these variables had significant effects on a broader range of domains. The results from these two studies are similar in that they both highlight the importance of variety in daily stimulation for the development of social skills in children. This finding might have implications for future intervention studies on the promotion of child social development. The other strength of this study is that the analysis was controlled for a wide range of potential confounders, including birth weight, gestational age, temperament, maternal education, and socioeconomic status. In the future, we hope to further analyze these data to elucidate the relationship between multiple outcome variables by, for example, making use of a latent variable path analytic approach. Such an attempt was reported by Yamagata and the JCS Group. 41 This study has contributed to current knowledge by describing the parenting factors that have an impact on several domains of development in infancy. Our results show that early coparenting behavior and maternal cognitive stimulation contributed to every sociability-related domain of development, even after adjustment for possible confounding factors. Given these results, we believe it is important to develop preventive or psychoeducational interventions that are focused on helping young parents to establish and maintain successful coparenting relationships and cognitive stimulation behaviors as their children grow.
More information is needed to clarify the long-term relationships between the factors explored in the present study and the several domains of development. These are the issues on which we will focus in subsequent stages of our longitudinal study.
